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Selecting a proper irrigation method in irrigated agriculture in order to achieve a high efficiency and maximum water use and soil and water conservation are as important as pest control and adding fertilizers in a crop's production. The agricultural land suitability for the irrigation assessment is defined as the process of the land performance assessment when the land is used for alternative kinds of irrigation (Ahmed 2016; Diallo et al. 2016) . The principle purpose of the agricultural land suitability for the irrigation evaluation is to predict the potential land and its limitation for kinds of irrigation methods (Abdel Rahman et al. 2016) . In Iran, evaluating the land suitability for selecting the irrigation methods is vital for agricultural development. A GISbased land suitability analysis is essential to assess the potential and constraints of a given land parcel for irrigation purposes. Sys et al. (1991) proposed a parametric evaluation system to select the irrigation methods based on the physical and chemical properties of soil. This technique was considered as the base method in the land evaluation and many studies have been undertaken in this field. Naseri et al. (2009) examined the soil quality for different irrigation methods in the Lali plain and considered 6 factors including soil texture, soil depth, lime, salinity, drainage and slope. The results showed that 1,732 ha (48.5%) of the lands studied was suitable for all three types of irrigation (surface, sprinkler and trickle). Albaji et al. (2006) evaluated 77,706 ha of lands of the Khuzestan's Shavoor plain for trickle and surface irrigation using the Sys parametric method. The results obtained suggested that the trickle irrigation method is more suitable than the surface irrigation method in the lands of this area. An irrigation land suitability analysis is dependent on the physical and chemical properties of soil in relation to methods of irrigation considered (Kebede, Ademe 2016; Valdivia-Cea et al. 2017) . But all of these studies ignore the continuous changes of the soil properties and, thus, it causes their evaluation results to be not accurate enough. This problem is solved by considering a fuzzy system and its membership functions. Fuzzy systems are, today, one of the most efficient methods in the field of forecasting and modelling (Akbarzadeh et al. 2009 ). Using fuzzy logic capabilities which stem from the ability of a continuous membership function of input variables and by a combination of parameters affecting the irrigation methods evaluation in the parametric system. Thus, this study aimed to utilise the functionalities of the fuzzy logic method to evaluate the land suitability of the studied area based on the parametric system for sprinkler and surface irrigation. Moreover, the purpose of this study was to optimise the parametric lands suitability evaluation system uses of the fuzzy logic system.
MATERIAL AND METHODS
The region studied covers an area of 5,175 ha of part of the Fath-Ali plain land at a distance of approximately 35 km southwest from the city of Pars Abad and 230 km northwest from the city of Ardabil. The geographical coordinates of the lands are 47°35'56''E to 47°43'21''E and 39°25'12''N to 39°28'28''N. The soil moisture regime is weak aridic, a subcategory of aridic, and its thermal regime is thermic. Fig. 1 shows the location of pressurised irrigation network of Moghan Fath-Ali. In this paper, data from 20 stations was used which was derived from reports on detailed soil studies and the classification of the Fath-Ali Plain lands in Pars Abad. The project employer was the Agricultural Organization of Ardabil province and the studies were conducted by the country's Soil and Water Engineering Services Company. The summary of physical and chemical test results are represented in Table 1 . Fig. 2 shows maps of the land units in the studied area.
Fuzzification of the parameters affecting the land evaluation through the parametric method. Fuzzy systems are composed of three parts: (i) fuzzy sets, (ii) membership functions, (iii) fuzzy rules (Fig. 3) .
In the parametric technique, soil properties are graded and used to calculate the irrigation suitability index (C i ) by the following function (Eq. 1): 100 100 100 100 100
where: A, B, C, D, E, F -are the gradation values of the soil texture, depth, lime, electrical conductivity, drainage, slope, respectively Some specified signs are used in the parametric evaluation of the land suitability. These signs include S 1 (highly suitable), S 2 (moderately suitable), S 3 (marginally suitable), N 1 (currently not suitable) and N 2 (permanently not suitable). Depending on the type of irrigation, the values given to each factor based on the membership function of each factor are shown in Table 2 . Eq. 2 and the spatial data modeller (SDM) in the GIS extension were used to integrate the factors affecting the land evaluation. Using the factor provided in Eq. 2 and by taking γ = 0 into consideration, the effective factors were multiplied together and the final map was extracted:
where: x -effective parameter; µ i -is the fuzzy membership function for factor i; λ -is the proper power to obtain the best results, which is equal to 0 based on the parametric method in this study
After the map of each factor is provided based on the values specified in the Table 2 , the land evaluation index of the different points was extracted by overlaying all the obtained maps. Fig. 4 represents the diagram of the method steps.
RESULTS AND DISCUSSION
The membership function map of the parameters influencing the assessment of the irrigation systems is represented in Fig. 5 . According to the fuzzy membership function, the suitable places for surface and sprinkler irrigation systems are classified between 0 (not suitable lands) and 1 (very suitable lands) which are illustrated in Figs 6a, b for the surface and sprinkler methods. on the fuzzy system, the western areas of the plain have the proper potential for implementation of the sprinkler irrigation system (Table 3) , so they have S 1 suitability which is composed of an area of about 385.06 ha (7.4%). Lands with S 2 suitability consist of an area of 286.1 ha (5.5%). Moreover, the majority of the lands have S 3 suitability in an area of 2,810.08 ha (54.3%). Also, parts of the central and eastern areas of the plain have N 1 suitability consisting of an area of 1,322.88 ha (25.5%). And the central and eastern lands of the plain have N 2 suitability with an area about 370.91 ha (7.2%). Besides, based on the fuzzy evaluation for the surface method, the eastern lands of the plain are less suitable for this type of irrigation. Accordingly, lands with S 1 suitability comprise an area of 159.81 ha (3%) and lands with S 2 suitability consist of an area about 312.69 ha (6%). In addition, the northern and north-eastern lands of the plain have S 3 suitability with an area about 2,744.17 ha (53%). Some parts of the south-western and eastern lands have N 1 suitability consisting of an area of 1,746.05 ha (33.7%). In parts of the central and eastern lands of the plain, N 2 suitability can be seen which encompasses an area of 212.28 ha (4.1%). According to Figs 6a, b, the best land units for the
Texture fuzzy rating Slope fuzzy rating Salinity fuzzy rating Gypsum fuzzy rating Drainage fuzzy rating Depth fuzzy rating surface and sprinkler irrigation systems based on the fuzzy system include units 5, 6and 11, in which a majority of them are located on the west side of the Fath-Ali plain. Also, parts of units 16 and 17 are considered as areas suitable for the sprinkler irrigation method. Since soil salinity, slope and drainage capability cause fewer restrictions in sprinkler irrigation systems, as illustrated in Figs 6a, b, the proportion of lands suitable for the sprinkler irrigation method based on the fuzzy system is more than 2 times greater than for the surface method. The results showed that there is a major difference between the two methods in terms of highly suitable lands, in which the area of lands highly suited for the sprinkler irrigation method is almost 2 times the size of the lands suited for the surface method, which reflects the significant difference between the land levels suited for the irrigation using the two methods. By comparing the figures related to the scores of unit 16 which is about 500 ha, it turned out that the values considered based on the parametric system have been high in all the effective parameters except for the scores related to the soil salinity and that is why this unit was considered as the highly suitable unit in the final conclusion. While, if we regard the amount of this unit obtained from the fuzzy evaluation in Figs 6a, b , it becomes obvious that given the influence of the neighbouring units, a part of this unit acquires an average score, thus, a part of this unit area consists of marginally suitable lands. This applies to units 5, 6, 11, 14 and 7, in addition, units 7 and 14 which have especially earned average scores in the fuzzy evaluation in relation to the parameters of soil salinity and calcium carbonate. Also, the area of moderately suitable lands with the surface irrigation method is almost equal to the area of moderately suitable lands with the sprinkler method. The moderately suitable lands in the fuzzy approach are located in the vicinity of the highly suitable lands. These lands are mainly located in the vicinity of units 6, 11 and 16 and as it is clear, it seems that the fuzzy evaluation used for determining the moderately suitable lands is closer to reality. Because of this point, it seems reasonable that the moderately suitable lands are located adjacent to the highly suitable lands. Considering the gradual changes of the soil parameters in the fuzzy evaluation makes this method more accurate than the parametric technique. A number of studies conducted in this relation indicated that an evaluation using parametric methods could be as accurate as those employing fuzzy techniques (Sanchez Moreno 2007; Keshavarzi, Sarmadian 2009; Bagherzadeh, Mansouri Daneshvar 2011) . These results contradict those findings in the present research. Moreover, Bagherzadeh and Gholizadeh (2016) used parametric and fuzzy methods to evaluate the lands. They showed that, although the fuzzy method was more accurate than the parametric method, the parametric method was still able to determine the land quality with suitable accuracy. This indicates that if there is a small number of limiting and influential factors, under the conditions of classifying the parameters by the fuzzy membership functions, the influence of these factors on the results will decrease and the results of the parametric method will become close to those of the fuzzy logic technique. In the present research, the results of the two methods were very different because there were various limiting factors in the region such as soil texture, calcium carbonate content, and soil depth. Apparently, it is better to use fuzzy techniques to estimate the capability of the lands for various irrigation practices because most agricultural soils in Iran face different limitations.
CONCLUSION
Determining the land suitability grade for various irrigation methods can improve the crop per drop in these areas. Moreover, using a fuzzy logic system to evaluate the land suitability for the irrigation can increase the accuracy of the parametric evaluation system. According to the results, there was a major difference between the highly suitable lands obtained through the fuzzy and conventional parametric methods. This showed that the fuzzy approach differed from the conventional land suitability evaluation methods such as the parametric method in its use of the calculated eigenvalues and the organisation of the criteria in the membership functions to fit the suitability problems into the framework of the decision-making. By considering the gradual changes in the soil parameters, it was shown that the fuzzy evaluation led to more accurate results compared to the parametric method. This paper also confirmed that the fuzzy approach, as a perfect method, could be useful to evaluate areas suitable for various irrigation methods, especially in areas with more restrictions.
